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Abstract: The present study was carried out to investigate the effect of arsenic trioxide on the DNA and histomorphology
of testis, liver and kidney of Swiss albino mice, Mus musculus. Oral administration of arsenic trioxide induced DNA
damage in the testis, liver and kidney marked by light pink staining of nuclei after Feulgen’s reaction with reduced
fine chromatin. Simultaneously severe histological changes were noted like distortion of seminiferous tubules,
disorganization of spermatogonia, spermatocytes and spermatids with cytoplasmic vacuolization and nuclear
pycnosis in testis. There was almost disappearance of sinusoids due to disruption of hepatic plates, inflammatory
cellular infiltration around central veins and cytoplasmic vacuolization in hepatocytes with large irregular nuclei in
liver of treated mice. Disorganized glomeruli with distorted Bowman’s capsules and mild to severe multifocal
cloudy and hydropic degeneration with necrosis of tubules were observed in the kidney of treated mice. Inference
drawn from the study indicated that arsenic induced both genotoxic histotoxic lesions.
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INTRODUCTION
Heavy metals are natural components of the earth’s crust
and cannot be degraded or destroyed. They are
recognized as strong biological poisons because of their
persistent nature, toxicity and tendency to accumulate
in organisms and undergo food chain amplification
(Dinodia et al., 2000; Kamble and Muley, 2000).
Anthropogenic activities have modified the global cycle
of heavy metals and metalloid, including the non-toxic
essential elements like As, Hg, Cd, and Pb. Industrial
pollution of the environment with metal compounds is
becoming a serious problem (Foulkes, 1990; Chougule et
al., 2005; Babu et al., 2007). Among these metals, arsenic
exhibits a complex metabolism and is possibly the most
abundant pollutant as well as a potential human
carcinogen (Roy and Saha, 2002). It is a naturally occurring
ubiquitous element with metalloid properties and widely
present in soil, rocks, sediments and metal ores in the
form of oxides or sulfides or as a salt of iron, sodium,
calcium, copper in the most part of the world (Aronson,
1994).
The effect of heavy metals on organisms is currently
attracting widespread attention, particularly in studies
related to pollution. With an early use of metals, there
was little concern about environmental contamination.
However, salts of the metals began to find their way into
commercial and industrial applications and then it became
evident that metallic salts possess certain biocidal
properties. Though many metals play a vital role in the
physiological processes of plants, animals and humans,
yet excess concentration of metals is harmful (Gupta and
Srivastava, 2006). Butcher (1946) asserted that pollution
should be defined in terms of biological conditions rather
than physico-chemical standards.
Many workers have reported cytopathological,
hematological and biochemical abnormalities in various
tissues of different animals after administration of sub-
lethal doses of heavy metals (Gupta and Rajbanshi, 1982;
Dalwani et al., 1985; Gill and Pant, 1987; McDowell, 1992;
Gurer and Ercal, 2000; Srivastava and Kaushik, 2001;
Shukla et al., 2002; Gupta and Srivastava, 2006). There is
a dearth of studies on the toxic effect of heavy metals on
mammalian tissues. Doreswamy et al., (2004) studied the
effect of nickel on testicular histoarchitecture, DNA
damage, and induction of apoptosis in testis and incidence
of sperm head abnormalities in mice. Sharma et al. (1980)
in guinea pig and Yang et al. (2006) in rats showed that
administration of cadmium chloride caused degeneration
of germinal epithelium accompanied by nuclear pycnosis
followed by cytolysis and nuclear fragmentation in
seminiferous tubules. Valverde et al. (2002) reported about
lead induced genotoxic effect in the tissues of liver, kidney
and lungs of mice.
Arsenic is semi-metallic in nature and widely present in
the earth crust in the form of oxides or sulfides or as a salt
of iron, sodium, calcium, copper etc. Arsenic and its
compounds are well known for its toxicity and
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carcinogenicity. The study of environmental effects of
arsenic is now very timely. Arsenic has become the focus
of intense research globally because of its toxicity to
humans and other organisms. Keeping the above facts
in view, the present study was designed to observe the
toxic effects of arsenic on mice.
MATERIALS AND METHODS
Healthy adult male mice (Mus musculus) approximately 3
months old were used in the present investigation.
Animals were housed in polypropylene cages and were
kept in the laboratory under normal light and dark
conditions. They were fed a standard commercial diet
supplemented with vegetables and water was supplied
through feeding bottles.
Two groups of animals – one control group of four mice
and one treated group of eight mice were maintained
separately for genotoxic and histopathological studies.
The mice of treated group were fed orally a single does
of arsenic trioxide dissolved in distilled water (30 mg per
kg body weight) with the help of a micropipette. The
mice of control group were given the same volume of
distilled water used in the treated animals.
Animals from control and treated were scarified; dissected
after 48 hours and 96 hours of treatment. For genotoxic
examination testis, liver and kidney (small pieces) were
quickly removed, then fixed in carnoy’s fixative fluid.
Following fixation, specimen’s were dehydrated,
embedded and then sectioned to 5 microns thickness.
The sections were stained by Feulgen’s method to
demonstrate DNA (Gravin et al., 1976). For
histopathological examinations, small pieces of liver,
kidney and testes were fixed in Bouin’s fixative fluid.
Following fixation tissues were dehydrated, embedded
and then sectioned at 5 microns thickness. The sections
were stained with Ehrlich’s Haematoxylin and Eosin (Adam
and Caihak, 1964). Stained sections were then mounted
on glass slides with DPX and covered with a cover slip.
Genotoxic and histopathological changes were evaluated
using light microscope and photographed using a digital
camera.
RESULTS
Changes in testicular tissues: Microscopic description
of the testis in the control group histological sections
showed normally arranged seminiferous tubules (ST) with
little connective tissue (CT) in the interstitial spaces
containing Leydig cells (the cells responsible for
testosterone production in the testes) (Figs.1,2).
Spermatogonia, spermatocytes, and spermatids were
regularly arranged with, spermatozoa in the lumen of
seminiferous tubules (Fig.2). Examination of sections of
testis of treated mice showed that testis had lost its
characteristic architecture compared with the control
group. There is marked distortion of seminiferous tubules
with almost complete disintegration of connective tissue
between them (Fig.5). In case of 48 hours post treatment,
disorganization of the spermatogonia to a small extent
has been noticed. They have detached from basal lamina
of seminiferous tubules causing their distortion and
consequent loss of their lumen. Due to desquamation of
germ cells, numerous small spaces have appeared inside
majority of seminiferous tubules. In the interstitium
considerable engorgement of the interstitial blood vessels
are noticed (Fig.3-6). Histological examination of 96 hour
Post-treatment reveals that the characteristic organized
architecture of the cells in the seminiferous tubules got
disturbed more than that observed in the 48 hours post-
treatment mice. Cells in seminiferous tubules showed
nuclear fragmentation, nuclear pycnosis and cytoplasmic
disintegration in the varied germ cells. The cytoplasm of
spermatogonia, spermatocytes appear paler due to
vacuolization (Figs.5,6). Sertoli cells have lost their
integrity and hence can be identified with difficulty.
Interstitial cells show marked reduction in size with
nuclear pycnosis. There is a pronounced reduction in
sperm amount in the lumen of seminiferous tubules and
many tubules are totally devoid of sperms (Figs.3-6).
Nuclei of spermatogonia, spermatocytes, spermatids,
sperm, sertoli cells and Leydig cells stained dark pink
after Feulgen’s reaction in the testis of control mice. Light
pink staining of the nuclei of these cells after Feulgen’s
reaction in treated mice indicates that the DNA has
probably degraded due to arsenic toxicity (Figs.9-12).
Changes in liver tissue:  Examination of liver sections of
As2O3 treated mice showed that the liver had lost its
characteristic architecture compared with the control
group (Figs.13-18). In the Liver sections of treated mice,
there is almost disappearance of sinusoids due to
disruption of hepatic plates. The cytoplasms of the
hepatocytes are characterized by coarse, pink, darkly
stained granules and few vacuoles in 48 hours post-
treatment sections. There is increase in cytoplasmic
vacuolization in 96 hours post-treatment sections
(Fig.18). Inflammatory cellular infiltration was abundant
around central vein which is more intense in 96 hours
post-treatment liver sections (Fig.18). The nuclei of
hepatocytes in treated mice appeared larger and more
irregular in shape with very little peripheral condensed
chromatin (Fig.16). Meanwhile, clumped chromatin was
also observed in many of the hepatocytes and some nuclei
appeared pycnotic. The nucleoplasm of many cells
showed continuity with the cytoplasm due to loss of
nuclear membranes. In many places, hepatic lobules have
merged due to disintegration of capsular tissues. Light
pink staining of the nuclei of hepatocytes of treated mice
in comparison to control mice after Feulgen’s reaction
indicates DNA damage. There is a reduction in fine
chromatin in treated group than the control group
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(Figs.19-24).
Changes in renal tissues: The normal histological
structures of the kidney having normal arrangement of
cortical and medullary elements were observed in the
section of control group mice (Figs.25, 26). The kidney
of treated group mice showed significant
histopathological abnormalities like disorganized
glomeruli with distorted Bowman’s capsule, loss of cellular
integrity of tubular cells, multifocal cloudy and cellular
infiltrations   (Figs.27-30). The tubular cells appeared
swollen with cytoplasmic vacuolization and coarse pink
cytoplasmic granules especially in the cells of the proximal
and distal convoluted tubules. Lumens of these tubules
were obliterated or highly reduced (Fig.30). Nuclei of
majority of the tubular cells showed clumped chromatin
and pycnosis. Arsenic induced DNA damage was
observed in the cells of proximal tubule, limbs of Henle’s
loop, distal tubule, collecting duct and renal corpuscles
in the treated mice as evident from light pink staining of
nuclei after Feulgen’s reaction in comparison to control
mice (Figs.31-36).
DISCUSSION
Heavy metals have been recognized as strong biological
poisons because of their persistent nature, toxicity,
tendency to accumulate in organisms and undergo food
chain amplification (Kamble and Muley, 2000; Dinodia et
al., 2002). The toxic effects of heavy metals are due to
disturbances of the normal gene expression in the tissues.
Few researchers have shown genotoxic effects of heavy
metals. Valverde et al. (2002) have shown inhalation of
lead induced DNA damage in tissues of lungs, liver, kidney
and brain in mice. Doreswamy et al. (2004) and Stinson et
al. (1992) have reported that administration of Nickel
caused significant degree of DNA damage in testis of
mice and rat liver respectively. In the present study,
arsenic induced significant DNA damage in tissues of
testis, liver and kidney. Our data are consistent with earlier
reports on arsenic trioxide-induced DNA damage (Saleha
et al., 2001; Fengyuan et al., 2005; Patlolla and
Tchounwou, 2005). DNA containing particles (Chromatin)
in the nuclei of spermatogonia, spematocytes, and
spermatids in testis, in the nuclei of hepatocytes in liver
and in the cells of renal tubules of normal mice
demonstrated by Feulgen’s reaction as red densely
stained particles in the nucleoplasm. These particles are
either distributed equally in the nucleoplasm or restricted
to the peripheral rims of the nuclei.  Reduction in DNA
containing particles and lighter pink staining of the nuclei
of spermatogonia, spermatocytes and spermatids in testis,
nuclei of hepatocytes in liver and tubular cells of kidney
of arsenic treated mice in comparison to control group
mice after Feulgen’s reaction clearly indicates DNA
damage in the present study. It is further supported by
reduction in fine chromatin in these cells of treated group.
Arsenic, not only damage DNA in the cells of testis, liver
and kidney but also produced genotoxic effects in other
organs. Saleha et al. (2001) showed a significant increase
in comet tail length in blood cells of arsenic treated mice
which clearly gives evidence that arsenic trioxide cause
DNA damage effectively. Patlolla and Tchounwou (2005)
investigated the genotoxic potential of arsenic trioxide
in bone-marrow cells of rats. They observed that arsenic
trioxide exposure significantly increased the number of
structural chromosomal aberrations, the frequency of
micro-nucleated cells and decreased the mitotic index in
treated group when compared with the control group.
Fengyuan et al. (2005) reported that arsenic causes
pathological changes through oxidative DNA damage in
the brain tissue of mice. In conclusion, in the present
study arsenic exposure produced genotoxic effect this
was apparently associated with DNA damage in testis,
liver and kidney. The genotoxic effects can be interpreted
as a specific effect on spermatids and spermatozoa (i.e.
decreased amount) which can play a significant role in
the development of male infertility.
The results presented in this study clearly demonstrate
that exposure of adult mice to As2O3 had adverse effect
on the histoarchitecture of testis, liver and kidney. The
histopathological alterations induced in the testis of
As2O3 treated mice involves distortion of seminiferous
tubules with partial to almost complete disintegration of
connective tissue between them; loss of lumen in the
tubules due to desquamation and distortion of germinal
epithelial and other tubular cells and cytoplasmic
vacuolization in spermatogonia and spermatocytes which
are more pronounced in 96 hours post-treatment mice.
These results are in agreement with the data published
by Parizek (1960), Mason et al. (1964), Favino et al. (1966),
Saksena and Lau (1979), Sharma et al. (1980), Elbetieha
and Al-hamood (1997), Bataineh et al. (1998), Mayyas et
al. (2005) and Yang et al. (2006) for many other heavy
metals. In the present study a significant reduction in
sperm amount (some seminiferous tubules are totally
devoid of sperm) was observed. The sertoli cells
(supporting cells) were also destroyed in treated mice.
This reduction in sperm amount could be the result of
reduced spermatogenesis due to DNA damage in germ
cells, histological abnormalities and nonfunctioning of
sertoli cells. These findings are consistent with earlier
reports of Kwon et al., 1997; Bench et al., 1999 and Tbeileh
et al., 2007. They have shown the heavy metal cadmium’s
detrimental effect on histology of testis resulting in
significant decreased sperm production. Fiorini et al.
(2004) reported that testicular toxicants such as cadmium
reduce or redistribute specific functional surface proteins
on the sertoli cell membrane that are necessary for the
development and maintenance of spermatogenesis and
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Fig.  5. Section of testis of 96 hours post-treatment treated mice
showing distoration of SFs and disintegration of tissues in
between SFs.
Fig. 6. Section of testis of 96 hours post-treatment treated mice
showing cytoplasmic vacuolization of cells in SFs.
Fig. 1. Section of testis of control mice showing normal
histoarcitecture containing seminiferous tubuls (SF) covered by
basal lamina (BL).
Fig.  2. Section of testis of control mice showing spermatognia
(SG), spermatocytes (SC), spermatids (ST), sperms (S), and
interstitial  cells (IC).
Fig.  3. Section of testis of 48 hours post-treatment treated mice
showing disorganization of cells in SFs.
Fig.  4. Section of testis of 48 hours post-treatment treated mice
showing necrosis of tissues in the interstitial spaces.
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Fig. 7. Section of testis of control mice showing DNA content in
the cells of seminiferous tubule (SF) after Feulgen’s reaction.
Fig. 8. Section of testis of control mice showing DNA content in
the  SG5, SG5, ST5, and in sperms after Feulgen’s reaction.
Fig. 9. Section of testis of 48 hours post treatment mice showing
DNA content in the cells of seminiferous tubuls (SF5) after
Feulgen’s reaction.
Fig. 10. Section of testis of 48 hours post treatment mice showing
DNA content in the SG5, SG5, ST5, and in sperms after Feulgen’s
reaction.
Fig. 12. Section of testis of 96 hours post treatment mice showing
DNA content in the SG5, SG5, ST5, and in sperms after Feulgen’s
reaction.
Fig. 11. Section of testis of 96 hours post treatment mice showing
DNA content in the cells of seminiferous tubules (SF5) after
Feulgen’s reaction.
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Fig. 13. Section of liver of control mice showing normal
histoarcitecture.
Fig. 14. Section of liver of control mice showing central vein
and hepatocytes.
Fig. 15. Section of 48 hours post-treatment treated mice showing
disintegration and cytolasmic vascuolization’s in cells.
Fig. 16. Section of 48 hours post-treatment treated mice showing
cellular infilterations and nuclei containing perpheral condensed
chromatin.
Fig. 17. Section of liver 96  hours post-treatment treated  mice
showing disintegration and cytolasmic vascuolization’s of  cells.
Fig. 18. Section of liver 96  hours post-treatment liver of treated
mice showing fibrosis and celllar infilteration and necrosis.
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Fig. 19. Section of liver of control mice showing DNA in nuclei
of  hepatocytes after Feulgen’s  reaction.
Fig. 20. Section of liver of control mice showing DNA in nuclei
of  hepatocytes after Feulgen’s  reaction.
Fig. 21. Section of liver of  48 hours post treatment mice  showing
DNA in nuclei of hepatocytes after Feulgen’s  reaction.
Fig. 22. Section of liver of  48 hours post treatment mice  showing
DNA in nuclei of hepatocytes after Feulgen’s  reaction.
Fig. 23. Section of liver of  96 hours post treatment mice  showing
DNA in nuclei of hepatocytes after Feulgen’s  reaction.
Fig. 24. Section of liver of  96 hours post treatment mice  showing
DNA in nuclei of hepatocytes after Feulgen’s  reaction.
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Fig. 25. Section of kidney of control mice showing normal
histoarchitecture.
Fig. 26. Section of kidney of control mice showing normal
glomerules and proximal tubule (PT) and distal tubule (DT).
Fig. 27. Section of 48 hours post - treatment kidney of treated
mice showing disorganized glomeruli and cellular infiltration.
Fig. 28. Section of 48 hours post - treatment kidney of treated
mice showing lesions of cortical tissues with hemorrhagic spots.
Fig. 29. Section of 96 hours post - treatment kidney of treated
mice showing multifocal cloudy and cytoplasmic vacuolizations
of cells.
Fig. 30. Section of 96 hours post - tratment kidney of treated
mice showing cellular infiltrations, obliterated tubules and
hemorrhagic spots.
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Fig. 35. Section of kidney of 96 hours post - tratment mice
showing DNA in nuclei of tubular cells after Feulgen’s reaction.
Fig. 36. Section of kidney of 96 hours post - tratment mice
showing DNA in nuclei of tubular cells after Feulgen’s reaction.
Fig. 31. Section of kidney of control mice showing DNA in
nuclei of tubular cells after Feulgen’s reaction.
Fig. 32. Section of kidney of control mice showing DNA in
nuclei of tubular cells after Feulgen’s reaction.
Fig. 33. Section of kidney of 48 hours post treatment mice showing
DNA in nuclei of tubular cells after Feulgen’s reaction.
Fig. 34. Section of kidney of 48 hours post treatment mice showing
DNA in nuclei of tubular cells after Feulgen’s reaction.
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these alterations may lead to reduction in sperm amount
and sterility in males.
There have been very few reports of histopathological
changes, occurring in liver from exposure to heavy metals
in different group of vertebrates. Application of the
arsenic under investigation induced many
histopathological alterations in the hepatic tissues. In
the present study, the progressive degenerative changes
observed in the histology of liver of mice exposed to
arsenic indicates the severity of metal stress. Such
changes were time dependent. Application of the arsenic
under investigation induced many histopathological
alterations in the hepatic tissues like disappearance of
sinusoids due to disruption of hepatic plates, cytoplasmic
vacuolization, irregular nuclei with clumped chromatin
and inflammatory cellular infiltration around central veins.
Similar results have also been reported by Chishti and
Rotkiewicz (1993) in cockerels, Karmakar et al. (2000) in
mice on exposure to cadmium and Soni and Gupta (2006)
in Heteropneustis fossilis on exposure to mercuric
chloride. Zhang and Wang (1984) suggested that the
cytoplasmic vacuolization is mainly a consequence of
considerable disturbance in lipid inclusions and fat
metabolism occurring during pathological changes.
Robbins and Angell (1976) suggested a mechanism for
the cytoplasmic vacuolation as one of the important
responses to all forms of cell injury. The nucleoplasm of
many hepatic cells showed continuity with the cytoplasm
due to loss of nuclear inner and outer membranes. Similar
observation has been reported by Khangarot (1992) in
Channa punctatus on exposure to copper.
Histopathological alterations in the renal tissues of
treated mice in the present study showed renal toxicity
of the arsenic. The shrinkage of glomeruli as observed in
the present study may be due to capillary constriction
because of arsenic concentration in the blood leading to
decrease in glomerular filtration. The obliteration or
reduction of tubular lumen may be due to edematous
tubular cells. Cytoplasmic vacuolization with coarse pink
granules and clumped chromatin or pycnotic nuclei
indicates the severity of stress caused by arsenic. In
agreement with the present results are those of Chishti
and Rotkiewicz (1993) in cockerels and Garba et al. (2007)
in rats who found that cadmium chloride and pyrethroid
exposures respectively caused irregular foot processes
in the renal corpuscles as well as thickening of glomerular
basement membrane and marked ultra-structural changes
in the proximal tubular cells. Pathological changes
observed in the present study are severe enough to cause
impairment in the functioning of the kidney. These
degenerative changes may be due to altered metabolic
activity or due to metal ion renal tissue interaction as
suggested by Gupta and Rajbanshi (1979, 1982) and
Sharma and Sharma (1994).
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